This study estimates the effect of farmer field schools in rural Ethiopia on income from agriculture. The farmer field schools were established in association with participatory forest management associations for forest protection funded by Japanese aid. We employ a difference-in-differences propensity score matching approach to correct for possible biases due to selection of participants. We find that by participating in the farmer field schools, agricultural households increased their real income per worker by about 60-160 US dollars on average, which is equivalent to, or even more than, the average income per worker before the project. We also find evidence that the large increase in income is due to the use of new agricultural practices, such as new varieties, taught and promoted in the farmer field schools.
Introduction
A striking amount of deforestation has been occurring in tropical forests in less developed countries (Achard et al. 2002) . In Ethiopia, for example, forests accounted for 35 percent of the total land area in the early twentieth century, but this proportion had drastically Extraction of wood for sale is another means of generating income, and leads to deforestation.
Many studies have shown evidence of a relationship between poverty and deforestation (Myers 1993; Rock 1996; Rudel and Roper 1997; Deininger and Minten 1999) . According to a meta-analysis by Geist and Lambin (2001) , poverty was reported as a social factor contributing to deforestation in 64 of the 152 sub-national cases of deforestation in tropical forests they examined. Therefore, improving the income of poor residents near or in forests can promote forest protection by providing opportunities for income generation.
To prevent deforestation and promote reforestation, the Ethiopian government has implemented many projects, which are sometimes supported by foreign governments and institutions such as the World Bank, Japan International Cooperation Agency (JICA), and Germany's GTZ. In addition, in recognition of the role of poverty alleviation in forest protection, the projects of the Ethiopian government and foreign institutions often incorporate programs for improving income, such as technical assistance programs for farmers.
This study focuses on one of these projects, the Participatory Forest Management Project in the Belete-Gera Regional Forest Priority Area (hereafter, "the project"), to quantify the impact of the project on improving farmers' income. The project was implemented by JICA and Oromia Forest and Wildlife Enterprise, a public institution in charge of forest preservation in the Oromia Region, and commenced in October 2003. The project had three major components: establishing community-driven forest management associations (Waldaa Bulchinsaa Bosonaa, or WaBuBs); improving agricultural technologies and practices through farmer field schools, or WaBuB Field Schools; and livelihood support through the Forest Coffee Certification Program.
Using panel data for 269 households collected by the project in the pre-and post-program periods, this study specifically examines the impact of the farmer field schools on improving income and agricultural practices. Among the policy instruments in the project, we choose to focus on farmer field schools for the following two reasons. First, although community-driven forest management is potentially pro-poor, its major objective is forest conservation, and hence its impact on poverty alleviation is unclear (Sunderlin et al. 2005; Mahanty et al. 2006) . By contrast, farmer field schools aim to directly improve farmers' livelihoods, and their impact should be more visible. Second, although the Forest Coffee Certification Program also targets poverty reduction, the program began to function only recently, and not much certified forest coffee has been sold so far. Therefore, the impact of the certification program may not be clear at the present time.
Extension of agricultural technologies using farmer field schools has been promoted by the Food and Agriculture Organization (FAO) (Nelson et al. 2001 ) and implemented in many less developed countries. However, the effects of farmer field schools are unclear (Quizon et al. 2001) . For example, an empirical study in the Peruvian Andes by Godtland et al. (2004) finds that participants in farmer field schools become more knowledgeable about agriculture than non-participants after participation, and improve productivity in potato production. On the other hand, Feder et al. (2004) conclude that farmer field schools have no impact on improving economic performance in the case of Indonesia.
One possible reason for these mixed results is the difficulty in estimating the impact of farmer field schools, or of the impact of development projects in general. When participants in a development project are not selected randomly, differences between participants and non-participants after the project may not indicate the effects of the project, but may simply reflect potential differences between the two groups. To alleviate selection biases in project impact evaluations, some recent studies such as Miguel and Kremer (2004) utilized randomized experiments in which participants and non-participants were randomly chosen.
However, such randomized experiments are often difficult to implement for political and ethical reasons (for example, see Deaton 2007) . Therefore, econometric methods to correct for selection biases are still important tools in evaluating the impact of development projects.
Among those methods, propensity score matching is one of the methods most widely used in the literature (Jalan and Ravallion 2003; White and Masset 2007; and Todo 2011) . In the literature on the impact of farmer field schools, Godtland et al. (2004) employ propensity score matching estimations, while Feder et al. (2004) rely on difference-in-differences estimations, in which potential selection biases may be corrected for to a lesser extent than in propensity score matching estimations.
In the project examined in this paper, randomized experiments were not carried out, possibly because JICA was not familiar with such experiments in 2003, when the project started.
1 Therefore, following Godtland et al. (2004) to minimize biases due to participant selection, we employ propensity score matching methods, and find that participants in the farmer field schools increased their real income by about 60-160 dollars per worker on average.
The size of the effect is quite large, since the average initial income per worker is about 60 dollars. We also find evidence that the large increase in income is due to the use of new 1. To the authors' best knowledge, JICA's first randomized experiment was implemented in 2010.
agricultural practices, such as new varieties, taught and promoted in the farmer field schools.
Description of the project 2

Project area
The Belete-Gera Regional Forest Priority Area (RFPA) is located in Gera District ("Woreda" in the local language) and Shabe Sombo District in Oromia Region in the southwestern part of Ethiopia. The total forest area is about 1,500 square kilometers, an area more than twice as large as Singapore. There are 30 villages and 80 sub-villages in Gera
District and 14 villages and 46 sub-villages in Shabe Sombo District ( Figure 1A ). The
Belete-Gera forest is unique in that it produces wild forest coffee as well as regular garden coffee. "Wild forest coffee" refers to coffee that grows spontaneously in the local forest, and which is genetically distinct from commercial varieties. In fact, the Belete-Gera forest is one of the major candidates for being the ultimate origin of coffee. Thus, the forest area can be divided into two types: the coffee forest area, and the highland forest area without coffee ( Figure 1B ). In both types of forest, the residents are mostly farmers, producing cereals, such as wheat, barley, and teff, vegetables, honey, and milk. In addition, farmers produce coffee in the coffee forest area.
Estimation using satellite images indicates that the forest area in Gera and Shabe Sombo Districts decreased by 40 percent during the period 1985-2010. In the project area, forests are mostly used by local residents, and large-scale commercial logging is not present.
Project managers stressed three reasons for the rapid deforestation in the area: expansion of farmland into the forest; wood extraction for home consumption and commercial sales of firewood and timber; and illegal settlement by migrants from other regions of Ethiopia due to the country's growing population. Although wood extraction is illegal in the forest area, which is owned by the government, it was difficult to prevent, as there had been no active system or 2. This section is mostly based on internal project documents and interviews with project managers.
institution for forest management, either community-or government-driven, before the project was implemented.
Project outline
To prevent deforestation and promote reforestation, the project was initiated in 2003
by Oromia Forest and Wildlife Enterprise and JICA, a Japanese public institution responsible for administering foreign aid. The project was in two phases, and the second phase was completed in September 2010.
The major component of the project was to establish participatory forest management associations at the sub-village level. Once a forest management association was established, the border between homestead/farmland and forest was identified and marked off with paint.
After this point, expanding farmland into the registered forest area and extracting wood in the forest area were strictly prohibited, except for necessary thinning and permitted harvesting of wood for home construction. Members of the associations regularly monitored and evaluated conditions in the forest.
In return, members of the forest management association were given the official right to live in the forest area, to use non-timber forest products, and to produce coffee and honey in the forest area. In addition, the project provided two channels of income generation to the members of the associations in order to alleviate deforestation due to poverty. First, farmer field schools (WaBuB Field Schools) were established together with the forest management associations to provide agricultural skills training to association members. Second, the WaBuB Forest Coffee Certification Program supported producers of forest coffee in obtaining forest coffee certification from the Rainforest Alliance, a US-based NGO. The price of certified coffee at the farm gate is 15-20 percent higher than the regular price. 
Farmer field schools
When a forest management association was established, the project then set up one or more farmer field schools to provide agricultural technologies for livelihood support. The proportions of female participants were 40 percent and 52 percent in the first round and second round, respectively. Although males and females commonly specialize in different agricultural activities in rural Ethiopia, both males and females were expected to benefit from the field schools, because instruction at the schools covered diversified agricultural technologies.
In the first round of the farmer field schools, all instructors were agricultural extension agents in the village, locally called development agents (the first column of Table 2 ). In Ethiopia, there are three extension agents in each village, who are selected and employed by the Ministry of Agriculture and Rural Development. Most extension agents receive training in an Agricultural Technical Vocational Education and Training College for three years prior to their appointments, and so they are skilled in agricultural technologies and practices. However, as shown in Table 2 , about one third of the farmer field schools in the second round were not taught by extension agents, but mostly by local farmers who volunteered to teach. In the third round, there were no schools with instruction by extension agents. Although the farmer instructors (farmer facilitators) received training for five days from project workers, the training focused on how to facilitate and organize meetings in the field schools, and no training on agricultural technologies was given. Therefore, the quality of the farmer field schools with instruction by extension agents should have been higher than the quality of those led by farmer facilitators, due to the higher level of agricultural skill and knowledge of the extension agents.
The effect of the farmer field schools in the first round would thus have been higher on average than their effect in the later rounds. We will return to this issue later, in Section 5.4.
Empirical framework
This section provides an overview of the framework of the empirical methodology employed in this study. Details of the estimation procedure will be explained in Section 5, together with the estimation results.
This paper specifically examines the average effect of treatment on the treated (ATT), defined as follows:
where D i is a dummy variable indicating household i's participation in any farmer field school, To identify ATT, strong ignorability, i.e., unconfoundedness and overlap, is assumed (Rosenbaum and Rubin 1983) :
and
The unconfoundedness assumption given by equation (2) implies that given a set of observable characteristics X, potential outcomes are independent of treatment assignment. The overlap assumption given by (3) ensures a positive probability of participation and non-participation.
To estimate ATT, this study employs propensity score matching (PSM) methods developed by Rosenbaum and Rubin (1983) . 3 Given strong ignorability, Rosenbaum and Rubin (1983) show that potential outcomes are also independent of treatment, conditional on the probability that the farmer participates in a farmer field school, or the propensity score P(X), and hence that ATT in equation (1) becomes
An estimate of the first term of the right-hand side of equation (4) can be the average of actual outcomes of participants. An estimate of the second term, the expected outcome of participants 3. Other methods to estimate ATT include Mahalanobis-metric matching (Rubin 1980 ) and weighting by the inversed propensity score (Hirano, Imbens and Ridder 2003) . This study employs PSM, because this is the most widely used in the literature.
if they had not participated, is the average outcome of the non-participants who are matched with participants in the program according to their propensity scores.
When panel data are available, as in the case of this paper, a difference-in-differences (DID) PSM estimator of the ATT can be employed, as proposed by Heckman, Ichimura and Todd (1997, 1998) , to examine the treatment effect on the change in the outcome measure. An advantage of using DID-PSM estimation is that it can eliminate time-invariant effects on the outcome variable. Heckman, Ichimura and Todd (1997, 1998) and Smith and Todd (2005) find that DID estimators perform better than matching estimators without using DID. Formally, the DID-PSM estimator used in this paper is defined as 
Data
Household surveys
The data used in this study are based on household-level surveys conducted by JICA in Although the data from the surveys are confidential and only for internal use within JICA, the authors were granted access to the data for the purpose of impact evaluation.
In the first round, in 2008, 24 sub-villages were selected from the forest area located in To estimate the impact of the farmer field schools on agricultural income and practices, we limit our sample to households in the project area in the benchmark estimation. Although a total of 298 households in the project area were surveyed in both years, there are 269 households in the sample, since some data used in the estimation are missing for 29
households.
One shortcoming of the surveys is that households were not chosen in a perfectly random manner, since a complete list of all households in the targeted villages was not available prior to the first survey. The survey team chose households as "randomly" as possible after they visited the selected villages for the survey, according to a project manager. It may be the case that the surveyed households may be more geographically and/or socially accessible than others. If so, the estimated effect of farmer field schools is biased, and should be viewed as indicating the average effect of farmer field schools when accessible households attend one of the schools. If more accessible farmers tend to receive larger benefits from farmer field schools, our estimate would overvalue the true effect among the population as a whole.
However, it should also be emphasized that even though the sample was not randomly chosen, possible biases in impact evaluation due to arbitrary selection of participants can be corrected for by PSM estimations.
Construction of income variables
We compute income from agriculture for each household, using information on the price and quantity of the harvest for each agricultural product reported by the household.
Agricultural products include cereals, such as wheat, barley, maize, and teff (the staple food in Ethiopia), vegetables, fruits, garden and forest coffee, and honey. One problem is that prices reported by households vary substantially for the same products. For example, the price of sun-dried garden coffee per kilogram in 2010 varies from 3 to 500 birr, with a median of 8 birr. 4 The 500 birr amount is obviously incorrect, probably due to input error or confusion between the unit used in the survey (kilograms) and the unit ordinarily used by the household.
We therefore use the product-level median price for the product of all households. Coffee, in particular, we divide into four types, according to whether it is sun-dried or red cherry and garden or forest coffee. Furthermore, since the quality of coffee may vary across villages, and since the price may vary accordingly, we use the median price of each type of coffee within a village. 5 We then multiply the total quantity of the harvest for each product, including self-consumed quantities, by the median price to obtain the revenue from the product. Finally, we take the sum of the revenues from cereals, vegetables, fruits, coffee, and honey to estimate the total income from agriculture.
In addition, we compute real income from nominal income in the following two ways.
First, we deflate income in 2010 simply using the rate of change in the consumer price index 5. In the survey in 2010, the unit for the quantity of all products was kilograms. However, in the survey in 2008, except for coffee, households could choose the unit for the quantity of each product, including locally used units such as fersulas and sacks. Since we do not know exact kilogram equivalents for each of these units (the weight of the same unit may vary across products), we actually use the median price of each product among households using the same unit. If we had taken the median price among households using the same unit within the same village, because the number of such households is often very small, possible biases due to misreporting prices could have been quite large. For this reason, for products other than coffee, we do not use the median price within a village. 
Summary statistics
Among the 269 households, 181, or 67 percent, are located in Gera District, and 224, or 83 percent, are Muslim, as indicated in Table 3 
Timing of program implementation and data collection
The timing of the data collection and of the treatment (training in the farmer field schools in this study) is important in program evaluation studies, since data for both pre-and post-program periods should be collected. In this study, the timing is appropriate, as explained below and illustrated in Figure 2 . Based on the above reasoning, the treatment group used in our benchmark estimations in Sections 5.1 to 5.3 consists of households that participated in the farmer field schools in the first round. In the extended estimation in Section 5.4, we estimate the effect of the second-round farmer field schools, creating the treatment group from the second-round participants, and comparing it with the effect of the first round.
Estimation results
Matching procedure
For the benchmark estimation, we define treatment as participation in the farmer field To obtain the DID-PSM estimator of the impact of the treatment, we first examine how participation in the farmer field schools is determined, using a probit model. The covariates used in the probit estimation are the following variables in the pre-program period: years of schooling of the household head; the number of household members aged from 15 to 65; real income from agriculture; the area of agricultural land; the area of forest with and without coffee; the total amount of borrowing in the last three years; the dummy variable for Muslim households; and the dummy variable for Gera District.
The estimation results presented in column 1 of Table 5 indicate that only three among the nine variables significantly affect participation in the project's farmer field schools. Years of schooling of the household head has a positive and significant effect, implying that more educated households are more likely to participate in farmer field schools. In addition, households with a larger forest with coffee are more likely to participate, indicating a positive effect of wealth on participation. Finally, Muslim households are more likely to participate in farmer field schools, probably because Muslims, the dominant religious group in the region, have greater opportunities due to larger social networks based on religion.
To prevent possible biases due to inclusion of unnecessary covariates into the first-stage estimation, we drop the statistically insignificant variables in column 1 of Table 5 from the probit estimation and use the results in the second stage. The results using the three covariates are shown in column 2 of Table 5 . Although the effect of years of schooling of the household head is now not statistically significant, we do not drop this from the set of covariates, as we can infer a possible significant effect of education from the result in column 1.
6
Based on the propensity score from the probit estimation, we create a new control group using kernel matching, so that the treatment group and the new control group after matching have similar characteristics. We impose a common support condition to satisfy the overlap assumption (equation [3] ), dropping observations in the treatment group whose 6. As a robustness check, we experimented with estimations without the years of schooling of the household head in the set of covariates, finding results very similar to the baseline results. In fact, the significance level of the treatment effect was generally higher when we dropped the education variable.
propensity scores are higher than the maximum or lower than the minimum score among observations in the control group. Each treated observation is matched with the weighted average of all control observations in the common support region. In the weight function W in equation (5), we use the Epanechnikov kernel function and set the bandwidth at 0.06.
After the matching, the treatment and the control group should have similar characteristics in the pre-program period. To check whether this is the case, we employ two types of balancing test. First, a simple t test is used to examine whether the mean of each covariate differs between the treatment and the control group after matching. The results of the simple t tests, presented in the upper rows of Table 6 , indicate that the mean of each covariate for the treatment group and its mean for the control group are sufficiently similar in all cases after matching, although these are substantially different in most cases before matching.
Second, we run probit using the sample after matching and compare the pseudo-R 2 with that obtained from the probit estimation using the sample before matching. In addition, a likelihood-ratio test is performed to check whether all the estimated coefficients from the after-matching probit estimation are zero. These tests are as proposed by Sianesi (2004) . If matching is successful, the after-matching probit should have no explanatory power, so that the pseudo-R 2 should be low and the estimated coefficients should be close to zero. The results shown in the lower rows of Table 6 indicate that all of these tests find no systematic difference between the treatment and the after-matching control group.
Effect of farmer field schools on changes in income
Given that the treatment and the control group pass the balancing tests, we compute the DID-PSM estimator using equation (5). The standard error of the DID-PSM estimator is obtained by bootstrapping based on 100 replications, following Smith and Todd (2005) . Most existing studies use bootstrapping standard errors for PSM estimators, since multiple steps in PSM estimation, including estimation of propensity scores and matching procedures, lead to larger variation in PSM estimators than standard estimators with only one step.
7
For reference, we start with the results from Ordinary Least Squares (OLS) before matching, presented in rows 1 and 2 of Table 7 . The OLS results indicate that, between the treated households (i.e., households that participated in the farmer field schools in [2007] [2008] and the untreated households before matching, the differences in the increase in income from agriculture in terms of nominal income, real income based on CPI, and real income based on output prices are 3,234, 1,905, and 5,688 birr, respectively. The difference is highly significant in all three cases. However, these OLS results may be biased because treated households were found to be more educated and wealthier than the untreated households.
We now turn to the results from DID-PSM estimation, shown in the lower rows of Table 7 . The differences in income from agriculture between the treated and the matched control group in terms of nominal income, real income based on CPI, and real income based on output prices are 2,237, 1,355, and 4,879 birr, respectively (rows 4-6). The difference is smaller than in the OLS results, confirming possible selection biases in the OLS estimation, and is significant at the 10-percent level in the former two cases 8 and at the 5-percent level in the last case. Since the average of income from agriculture in 2008 is 2,978 birr (Table 4) , we conclude that by participating in the farmer field schools, households increased their income by 46-164 percent. In short, the effect of the farmer field schools on agricultural income is quite large.
Since the number of members varies across households (Table 4) , we also estimate the effect on income per worker in agriculture. The number of workers in agriculture is defined as the number of members aged from 15 to 65 less the number of members engaged in nonfarm activities. Income per worker is a better measure for agricultural productivity than total income 7. In practice, these estimation procedures are performed using Stata's commands based on psmatch 2 of Leuven and Sianesi (2003) . 8. We realize that the 10-percent level of significance is not very high in these cases. However, as we will see later, the significance level is at least 5 percent in any other specification, including the one using real income based on output prices, those using income per worker (see rows 6-7 in Table 7) , and those not using the education level of the household head as a covariate (see footnote 5).
from agriculture. The results from DID-PSM are presented in rows 7-9 of Table 7 . The difference between the treated and the matched control group is significant at the 1-percent level in the three cases. The difference in real income per worker based on CPI and output prices is 1,037 and 2,687 birr, or about 60 and 160 US dollars, respectively. Since the average income per worker in 2008 is 958 birr (Table 4) , the results imply that income more than doubles with participation in the farmer field schools.
In addition, we test whether labor inputs changed after participation in farmer field schools. Row 10 in Table 7 shows that there is a noticeable increase in person-days per area for farming in both the treatment and the control group, but the difference in the increase between the two groups is not statistically significant. Although the number of observations is very low (i.e., 48), this evidence suggests that the higher income per worker for participant farmers compared to non-participants is due to a relative increase in labor productivity, rather than an increase in labor inputs.
Effect of farmer field schools on agricultural practices
The large effect of the farmer field schools should be due to the fact that participant farmers learn new agricultural technologies, skills, and practices in the schools. In the survey in 2010, the households were asked whether they use each of the agricultural practices listed in Table 8 , such as manure/compost, pest control, new varieties, soil preparation, seed preparation, and sowing using flow planting. We test whether the use of each practice is significantly higher for participant households than for non-participants, using PSM estimation. Note that since the information on the use of these agricultural practices is available only in the survey in 2010, we cannot employ the difference-in-differences estimator here.
The results presented in Table 8 indicate a positive and significant effect of the farmer field schools on the use of two practices: by participating in the farmer field schools, farmers become 17 percent more likely to use new varieties and the sowing method using flow planting than if they had not participated. The positive effect on the use of new varieties is particularly consistent with the fact that new varieties were intensely promoted in the farmer field schools.
However, the farmer field schools seem to negatively affect three practices: use of manure/compost, proper use of fertilizer, and weeding. Since the use of fertilizer including manure and compost was also promoted in the farmer field schools, the results are puzzling.
One possible reason for these puzzling results is that we did not employ the DID approach in the estimation for agricultural practices due to insufficient data on adoption of agricultural practices in the first survey. In other words, it is possible that participants are more likely than non-participants to be located in areas in which manure/compost, fertilizer, or weeding are relatively less necessary, but we cannot correct for these possible biases due to the limitations of the data.
Effect of farmer field schools in the second round
So far, we have examined effects of the farmer field schools in the first round, from Table 9 presents the results from the DID-PSM estimation. Using any outcome variable, the difference between the treatment and the matched control group is not statistically significant. The results clearly show that the second-round farmer field schools did not affect income, although the first-round schools had a significant effect.
There are two possible reasons for this insignificant effect. First, as we explained in Section 4.4, it may take some time for the effect of the farmer field schools to be realized. It is likely that participant farmers learn new agricultural practices in the schools and then apply these practices to their own farmland after graduation. Second, the quality of the farmer field schools in the second round may have been inferior to those in the first round, since instructors in some of the second-round schools were local farmers, although all instructors in the first round were highly-educated extension agents (see Section 2.3). In fact, this inference on the quality of the schools in the second round is supported by the observations of some project managers, as obtained in interviews with the managers. However, using the data in hand, it is impossible to distinguish between these two possibilities, and so this issue requires further research.
Summary and conclusions
This study estimates the effect of farmer field schools in rural Ethiopia on income from agriculture. The farmer field schools were established in a participatory management project for forest protection funded by Japanese aid. We employ a difference-in-differences propensity score matching approach to correct for possible biases due to selection of participants. We find that by participating in the farmer field schools, agricultural households increased their real income per worker by about 60-160 US dollars on average, which is equivalent to, or even larger than, the average income per worker before the project. We also find evidence that the large increase in income is due to the use of new agricultural practices, such as new varieties, taught and promoted in the farmer field schools. Although we have no direct evidence of the impact of the farmer field schools on reforestation, because many existing studies argue for the role of poverty alleviation in forest protection and show empirical evidence in support of their claims (see the Introduction), our results indicate that this project potentially helped to alleviate deforestation through improving the incomes of local farmers in the area. 9. Takahashi and Todo (2010) , a companion paper of the present study, found that the establishment of a participatory forest management association by the same project increased the forest area over a two year period by 5 percent more than when forest associations were not established. Note: The forest management associations were established at the sub-village level. Therefore, the number of sub-villages is equal to the total number of associations. The number of associations established in 2010 includes several cases that were to be established in August-September, 2010. Note: 1 fachasa is equal to 0.25 hectare. Note: Standard errors are in parentheses. *, **, and ** indicate statistical significance at the 10, 5, and 1 percent levels, respectively. Note: Standard errors of matching estimators are obtained from bootstrapping based on 100 replications. *, **, and *** denote statistical significance at the 10, 5, and 1 percent levels, respectively.
